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Nekdo mi je nekoč rekel, da z doktoratom ne dosežeš slave, da je le vstopnica v svet 
raziskav in akademskega poučevanja. No, to je bilo dovolj za moj začetek. 
Do konca tega dela pa ne bi prišla, če mi na poti ne bi pomagalo veliko ljudi. Iz vsega 
srca se zahvaljujem svojemu mentorju, profesorju Igorju Švabu in somentorju, 
profesorju Mitji Lainščaku. Vodila sta me skozi vsa obdobja raziskovalnega dela - od 
plitvih začetkov, po globokih in nevihtnih vodah negotovosti, do zavetja pristana, kjer 
se začnejo nova potovanja. Spodbujala sta moje prednosti in krepila moje šibkosti ter 
mi pomagala pri poklicni in osebnostni rasti.  
Rada bi se zahvalila članom doktorske komisije profesorici Mariji Petek Šter, 
profesorju Borutu Jugu in profesorju Arnu Hoesu. Od predloga teme naprej so bdeli 
nad mojim delom, me opozarjali na morebitne pasti in mi vlivali zaupanje, ko sem 
bila na pravi poti.  
Vsak dober projekt potrebuje dobro ekipo. Srce tega raziskovalnega dela so bili moji 
sodelavci na Katedri za družinsko medicino in naša raziskovalna skupina. Najboljše 
ideje in najpametnejše rešitve so se rodile v naši stari čajni kuhinji. Kolegi so me 
podpirali, mi svetovali in me tolažili, pretresali moje ideje in prehodili vso pot z 
mano. Prav vsakomur izmed njih sem hvaležna. Posebno mesto pa ima draga Eva; 
hvala, ker si moja kolegica, del moje družine in moja najbližja prijateljica. 
Najverjetneje ne bi zakorakala vzdolž te poti, če ne bi bila ti en korak pred menoj in 
mi kazala prave smeri. 
Iskreno sem hvaležna tudi osebju v domovih starejših občanov Horjul in Bokalce, 
domskima zdravnicama Tanji Petkovič in Janji Demšar, medicinskima sestrama 
Snežani Miletič in Martini Pirih ter vsem drugim predanim ljudem, ki svoje poklicno 
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življenje posvečajo skrbi za starejše. Njihova predanost in zavzetost je resnično 
navdihujoča. Rada bi se zahvalila kardiologom Mateju Godniču, Mojci Močilnik in 
Davidu Beleju, ki so bili pripravljeni opraviti skoraj dvesto ehokardiografij v 
domovih starejših občanov, pregledati zdravila in pomagati vsem, ki so potrebovali 
njihov nasvet. Matej, iskrena hvala tebi in tvoji družini za vso pomoč v vseh teh letih.  
Zelo sem hvaležna Medeji Gorup, ki mi je pomagala pri organizaciji številnih drobnih 
opravil pri raziskavi in Barbari Toplek, ki je poskrbela, da smo zvezali konec s 
koncem.  
Rada bi se zahvalila tudi Gregorju Prosenu, ki je sooblikoval programa usposabljanja 
obposteljne ultrasonografije za zdravnike v domovih starejših občanov. Hvala Špeli 
Miroševič in Zali Kumše Gale za pomoč pri raziskovalnem delu, z vami je bilo 
raziskovanje prijetno in zabavno.  
Prav tako bi se rada zahvalila prijateljem iz mednarodnih združenj EURACT in 
EurOOHnet za pronicljive pripombe in nove ideje za moje raziskovanje. Posebej 
hvaležna sem Yonahu Yapheju, ki me je spodbudil k raziskovanju področja, ki me 
resnično navdihuje. 
Imam tudi privilegij, da delam v neverjetni ekipi v Zdravstvenem domu Vrhnika. 
Rada bi se zahvalila svojim kolegom, ki so namesto mene prevzeli nočne izmene, ko 
sem to najbolj potrebovala, ki so verjeli vame in me podpirali od začetka do konca. 
 
Naučila sem se, da ko delaš nekaj s strastjo, meja med poklicnim in zasebnim zbledi. 
Vloge, ki jih igramo v svojem življenju, se neločljivo prepletajo in velikih projektov 
ni mogoče dokončati brez podpore družine in prijateljev. To raziskovalno delo ne bi 
bilo opravljeno brez mojega moža Miha. Skupaj sva prebrodila že marsikaj in prav 
zaradi njegove spodbude in navdušenja sem nadaljevala s podiplomskim študijem. 
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Nudil mi je čustveno podporo in stabilnost, vendar je tudi pomembno prispeval k 
raziskovalnemu delu. S svojim izjemnim znanstvenim talentom in raziskovalnimi 
izkušnjami mi je pomagal na vsakem koraku. Resnično sem blagoslovljena, da 
življenje že toliko let delim s tem čudovitim človekom. Moja otroka Tadej in Ajda sta 
moje raziskovalno delo jemala kot družinski projekt. Nista bila le neizmerno 
razumevajoča, ampak sta mi pomagala pri administrativnem delu, ki bi bilo sicer 
precej dolgočasno. 
Odrasla sem v družini, ki globoko ceni znanje. Moj oče Žarko Gorup mi je bil že od 
otroštva naprej vzornik resnično predanega univerzitetnega učitelja, mama Janja 
Gorup pa je z mano delila strast do knjig, modrosti in zdrave pameti. Moj starejši brat 
Savin in njegovi najdražji Eva, Gaja, Aljaž in Gorazd so se z drobnimi pozornostmi in 
velikimi dejanji trudili, da je bilo moje življenje lažje; že od nekdaj je tako. Resnično 
sem hvaležna, da imam tako čudovito družino. 
Na koncu bi se rada zahvalila prijateljem, ki so me podpirali na tej ovinkasti poti. 
Vsak od njih je na svoj način prispeval k temu delu. Hvaležna sem vam za tople 
besede in tople kave; za trkanje s kozarci in brisanje solz; za to, da ste me odvlekli na 
sprehod in mi rekli, da je čas za delo. Če se vas bom trudila vse našteti, bom komu 
gotovo storila krivico. A saj veste, kdo ste in kako zelo ste mi pri srcu. 
 
To raziskavo so finančno podprli Katedra za družinsko medicino Medicinske 
fakultete Univerze v Ljubljani, Slovenija, Zavod za razvoj družinske medicine 
Ljubljana, Slovenija, in Združenje zdravnikov družinske medicine Ljubljana, 
Slovenija. Prav tako bi se rada zahvalila podjetju Roche Slovenija in podjetju Sonar 





Someone told me once that there is no glory in having a PhD; that it is simply an 
entrance ticket to the world of research and academic teaching. Well, that was enough 
for me to start.  
However, I would not have come to the end of this work if it were not for many 
people that helped me on the way. My deepest gratitude on this journey goes to my 
supervisor Professor Igor Švab and co-supervisor Professor Mitja Lainščak. They 
have guided me through the intricate phases of research work - from the shallow 
beginnings, through the deep and stormy waters of uncertainty, to peaceful harbours 
where other journeys begin. They recognized my strengths and weaknesses and 
helped me to grow both professionally and personally.  
I want to thank my committee members Professor Marija Petek Šter, Professor Borut 
Jug and Professor Arno Hoes. From the disposition on they gave me valuable 
feedback on my work, alerted me to possible pitfalls and gave me confidence when I 
was on the right track.  
Every good project needs a good team. The heart of this research work were my 
colleagues at the Department of Family Medicine and our research group. The best 
ideas and the wisest solutions were born in our old kitchenette. My colleagues 
supported, advised and comforted me, challenged my ideas and walked this path with 
me. I am so grateful to all of you. And… thank you, dear Eva, you are my colleague, 
my family and my closest friend. I would most probably not have taken this path if 
you were not one step ahead of me to show me the way.  
My sincere gratitude goes also to the staff in nursing homes Horjul and Bokalce, 
nursing-home physicians Tanja Petkovič and Janja Demšar, nurses Snežana Miletič 
and Martina Pirih and all other amazing people that devote their professional life to 
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the care of the elderly. Your motivation to try something new for the benefit of the 
residents is truly inspiring. Along with them I would like to thank the cardiologists 
Matej Godnič, Mojca Močilnik and David Bele, who have been willing to perform 
almost two hundred echocardiographies in the nursing homes, to review the therapies 
and to help everyone who needed their advice. Matej, I thank you and your family for 
all the help in all these years.   
I am deeply grateful to Medeja Gorup, who has helped me organise numerous tasks 
for the study and Barbara Toplek, who made the ends meet.  
I would also like to thank Gregor Prosen, who helped designing the point-of-care 
ultrasonography-training program, Špela Miroševič and Zala Kumše Gale for the help 
with research work we have done. Working together with you was easy and fun.  
I would also like to thank people from EURACT and EurOOHnet who gave me 
insightful feedback and new ideas about my research. My special gratitude goes to 
Yonah Yaphe; he was the one who encouraged me to pursue research in the field that 
truly inspires me.   
I have the privilege to work in an amazing team in the Primary Healthcare Center 
Vrhnika. I would like to thank my colleagues who would take over the night shifts 
when I needed it, who believed in me and supported me all the way trough.  
 
I have learned that when you do something with passion, the line between 
professional and private fades. The roles we play in our life become intertwined in 
inseparable, and great projects are impossible to finish without the support of family 
and friends. This work would not have been done without my husband Miha. We 
have gone through many things together and it was due to his courage and enthusiasm 
that I continued with the postgraduate study. Besides giving me emotional support 
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and stability, he has made a significant scientific contribution to this work. With his 
profound scientific talent and research experience he helped me on virtually every 
step of this work. I am truly blessed to share my life with this wonderful person for so 
many years. My children Tadej and Ajda have taken this work as a family project and 
have contributed not only by being enormously supportive, but also by helping me 
with administrative work that would have been unbearably tedious without them.  
I had the privilege to be brought up in a family that deeply values knowledge. Since 
my childhood on, my father Žarko Gorup has been a role-mode of a truly devoted 
academic teacher and my mother Janja Gorup has shared with me her passion for 
books, wisdom, and common sense. My older brother Savin and his beloved Eva, 
Gaja, Aljaž and Gorazd have always helped me with little details and great deeds. I 
am truly grateful to have such a wonderful family.  
Finally, I would like to thank my friends who have supported me along this curvy 
path. Every single one of them has contributed to this work in their own ways. I am 
grateful for warm words and warm coffees, for clinking of the glasses and tissues to 
wipe the tears, for dragging me out for a walk and for telling me I should better get 
back to work. I am certain that if I tried to list them all, I would do someone injustice.  
But you know who you are, and you know how close you are to my heart.  
 
The study was financially supported by the Department of Family medicine, Faculty 
of Medicine, University of Ljubljana, Slovenia, by the Institute for development of 
Family Medicine, Ljubljana, Slovenia, and by the Slovenian Family Medicine Society 
Ljubljana, Slovenia. I would also like to thank Roche Slovenia and Sonar d.o.o., to 
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LIST OF ABBREVIATIONS 
BNP – brain natriuretic peptide 
COPD - chronic obstructive pulmonary disease 
ECG – electrocardiogram 
ESC – European society of cardiology 
HF – heart failure 
HFmrEF - heart failure with mid-range ejection fraction 
HFpEF - heart failure with preserved ejection fraction 
HFrEF - heart failure with reduced ejection fraction 
i.v. - intravenous 
IQR - interquartile range 
IVC – inferior vena cava 
LVEF - left ventricular ejection fraction  
NH – nursing home 
NP – natriuretic peptides 
NT-proBNP – N-terminal prohormone of brain natriuretic peptide 
NYHA - New York Heart Association  
POC – point-of-care 
POCUS - point-of-care ultrasonography (also bedside ultrasonography) 
ROC – receiver operator curve 





Ozadje: Med stanovalci domov starejših občanov (DSO) je srčno popuščanje pogosto 
ter predstavlja pomemben diagnostičen in terapevtski izziv. Obposteljna 
ultrasonografija je nova metoda, ki omogoča zanesljivejšo oceno volumskega stanja 
bolnika kot klinični pregled. Raziskave so se doslej osredotočale na uporabnost 
obposteljne ultrasonografije za prilagajanje diuretične terapije pri akutnem 
poslabšanju srčnega popuščanja. Namen naše raziskave pa je bil ugotoviti, ali uporaba  
obposteljne ultrasonografije v daljšem časovnem obdobju izboljša obravnavo srčnega 
popuščanja. 
Cilji: Cilji raziskave so bili ugotoviti razširjenost srčnega popuščanja v DSO in 
preizkusiti, ali obravnava srčnega popuščanja s pomočjo obposteljne ultrasonografije 
izboljša izide zdravljenja srčnega popuščanja. V tem primeru potrebujejo bolniki s 
srčnim opuščanjem v DSO drugačen algoritem zdravljenja.  
Metode: V multicentrični, prospektivni, randomizirani kontrolirani raziskavi smo 
med stanovalci DSO izvedli presejanje glede srčnega popuščanja. Presejanje smo 
izvedli po diagnostičnem algoritmu Evropskega kardiološkega združenja (ECS 2016). 
Vse faze presejanja so potekale v DSO. 
Bolnike s srčnim popuščanjem smo vključili v interventno fazo študije. Naključno 
smo jih razdelili v dve enakovredni skupini. Primerjali smo obravnavo srčnega 
popuščanja s pomočjo obposteljne ultrasonografije (skupina POCUS) ter ustaljeno 
klinično obravnavo srčnega popuščanja (kontrolna skupina). V kontrolni skupini smo 
volumski status bolnika vrednotili klinično. V skupini POCUS smo volumski status 
dodatno vrednotili s pomočjo B-linij in z oceno premera ter kolapsibilnosti spodnje 
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vene kave. Obe skupini smo spremljali 6 mesecev in na podlagi ocene volumskega 
statusa prilagajali terapijo z diuretiki. Primarni izid je bil skupek dogodkov, 
povezanih s poslabšanjem srčnega popuščanja: potreba po intravenski diuretični 
terapiji, potreba po intervenciji nujne medicinske pomoči, nenačrtovana 
hospitalizacija zaradi nepoškodbenega vzroka ali smrt zaradi kateregakoli vzroka. 
Sekundarni izidi so bili vsak opazovani dogodek posebej, sprememba kakovosti 
življenja, sprememba funkcionalnega stanja, število dni v bolnišnici, povezanih s 
poslabšanjem srčnega popuščanja in število dni, ki so jih bolniki preživeli izven 
bolnišnice. 
Rezultati: Maja 2018 smo povabili 532 stanovalcev dveh DSO na presejanje za srčno 
popuščanje. Od 203 stanovalcev, ki so se odzvali, jih je 198 zaključilo diagnostiko 
srčnega popuščanja. Srčno popuščanje smo dokazali pri 90 (46%) stanovalcih. Pri 61 
(68%) stanovalcih je bila diagnoza srčnega popuščanja postavljena na novo, medtem 
ko je imelo 14 (33%) stanovalcev zabeleženo diagnozo srčnega popuščanja v 
zdravstveni dokumentaciji, vendar srčnega popuščanja niso imeli.  
Stanovalci s srčnim popuščanjem so bili v povprečju stari 86 ± 5 let, večina je bila 
žensk (71%) in imeli so več pridruženih bolezni s povprečno 10 zdravili v redni 
terapiji. V povprečju so imeli iztisni delež levega prekata (LVEF) 60 ± 12%. Le 7% 
stanovalcev je imelo srčno popuščanje z zmanjšanim iztisnim deležem (HFrEF 
<40%). Srednja vrednost NT-proBNP je bila pri stanovalcih s srčnim popuščanjem 
1670 pg/mL in pri stanovalcih brez srčnega popuščanja 348 pg/mL. Na podlagi naših 
podatkov smo določili višjo mejno vrednost NT-proBNP, kot jo predlagajo ESC 
smernice: namesto 125 pg/mL predlagamo za izključitev srčnega popuščanja pri 
stanovalcih DSO mejno vrednost 455 pg/mL. 
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Primarni izid smo ugotovili pri 8 (18%) bolnikih v skupini POCUS in pri 10 (22%) 
bolnikih v kontrolni skupini (p = 0,793). Čeprav so imeli bolniki skupine POCUS 
manj dogodkov kot bolniki v kontrolni skupini (18 proti 22, p = 0,525), med 
skupinama ni bilo statistično značilne razlike. Najpogostejši dogodek je bila 
nenačrtovana hospitalizacija iz nepoškodbenega vzroka (5 v skupini POCUS in 10 v 
kontrolni skupini, p = 0,258). Prav tako ni bilo statistično pomembnih razlik v 
kakovosti življenja stanovalcev ali pri obremenitvah zdravnikov v DSO zaradi 
uporabe obposteljne ultrasonografije. To dokazuje, da je obravnava srčnega 
popuščanja s pomočjo obposteljne ultrasonografije primerljiva z ustaljeno obravnavo.  
Razprava: V raziskavi smo ugotovili visoko razširjenost srčnega popuščanja v DSO. 
Srčno popuščanje je večinoma nediagnosticirano ali napačno diagnosticirano. Glede 
na rezultate naše študije bi bilo za presejanje srčnega popuščanja v DSO potrebno 
prilagoditi mejne vrednosti NT-proBNP glede na starost. Obravnava srčnega 
popuščanja s pomočjo obposteljne ultrasonografije ni statistično značilno izboljšala 
obravnave srčnega popuščanja, vendar je bilo dogodkov, povezanih s srčnim 
popuščanjem, precej manj, kot smo pričakovali (20% v primerjavi s 50%). Možno je, 
da razlika med skupinama obstaja, vendar je nismo uspeli dokazati.  
Zaključek: Srčno popuščanje je zelo pogosto pri stanovalcih DSO in je v veliki meri 
nediagnosticirano ali napačno diagnosticirano. Raziskava je pokazala, da je obravnava 
srčnega popuščanja s pomočjo obpostljne ultrasonografije v DSO izvedljiva in je 
glede na vse opazovane vidike vsaj enakovredna standardni oskrbi. Na podlagi 
rezultatov študije je mogoče prilagoditi pristop ugotavljanja in vodenja srčnega 




KLJUČNE BESEDE: prevalenca srčnega popuščanja, zdravljenje srčnega 






Background: Heart failure is common in the nursing-home population, with many 
diagnostic and therapeutic challenges. Point-of-care ultrasonography (POCUS) is a 
bedside method that can be used to assess volume status more reliably than clinical 
examination. To date, POCUS has mostly been researched for dichotomous decision-
making in acute heart failure to promptly adjust heart failure diuretic therapy. This 
trial was conceived to test whether POCUS-guided heart failure management 
improves a long-term outcome.   
Aims: We aimed to determine the prevalence of heart failure in nursing homes and to 
test whether POCUS-guided heart failure management improves outcome in nursing-
home residents. We also aimed to develop a novel algorithm for the management of 
heart failure patients in the nursing-home population.  
Methods: This multicentre, prospective, randomized controlled trial enrolled nursing 
home residents that were screened for heart failure. Screening followed the 2016 
European Cardiology Society diagnostic algorithm for diagnosis of heart failure of 
non-acute onset. All diagnostic steps were performed in the nursing-home facilities.  
Patients with heart failure were randomized in 1:1 fashion into the clinical 
management of heart failure (control) group versus POCUS-guided management of 
heart failure (POCUS) group. In the control group, the volume status was evaluated 
clinically. In the POCUS group, the volume status was additionally evaluated by the 
presence of B-lines, and vena cava diameter and collapsibility. During a 6-months 
follow-up of both groups, the diuretic therapy was optimised at regular intervals based 
on volume evaluation. The primary endpoint was a composite of the need for an 
intravenous diuretic therapy, emergency service intervention, unplanned 
hospitalization for a non-traumatic cause or all-cause death. Secondary endpoints 
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were individual components of primary endpoint, a change in the quality of life, a 
change of the functional state, the number of days in hospital related to HF 
deterioration, and the number of days alive and out of hospital. 
Results: In May 2018, a total of 532 residents from two nursing-home facilities were 
invited to heart failure screening. Of those, 203 responded and 198 completed the 
heart failure diagnostic procedure. Heart failure was diagnosed in 90 (46%) residents. 
In 61 (68%) residents the diagnosis of heart failure was previously unknown, while 14 
(33%) had a previous diagnosis of HF in medical records which was not confirmed in 
our study. 
Nursing-home residents with heart failure were elderly (86±5 years), predominantly 
female (71%), with several comorbidities and with an average of 10 regular 
medications. The average left ventricular ejection fraction was 60±12% and 7% had 
heart failure with reduced ejection fraction (LVEF <40%). The median NT-proBNP 
value in residents with HF was significantly higher than in those without HF (1670 
pg/mL vs. 348 pg/mL, p<0.001). Based on our data, a cut-off value of NT-proBNP at 
455 pg/mL was proposed to rule out heart failure in the nursing-home population as 
opposed to currently the recommended value of 125 pg/mL.  
The primary endpoint occurred in 8 (18%) POCUS and 10 (22%) control group 
patients (p=0.793). Although the POCUS group patients had fewer events than 
control group patients (18 vs. 22, p=0.525), there was no statistically significant 
difference between the groups. The most frequent event was an unplanned 
hospitalization for a non-injury cause (5 in the POCUS group and 10 in the control 
group, p=0.258).  There were also no statistically significant differences in quality of 
life outcomes or in the outcomes related to the workload of the nursing-home 
physicians due to the use of POCUS.  
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Discussion: This study found a high heart failure prevalence among nursing home 
residents, which was largely undiagnosed. We suggest to adjust the NT-proBNP cut-
off for heart failure screening in nursing homes. POCUS-guided management of heart 
failure was feasible but did not improve clinical outcome in nursing home residents, 
likely due to low incidence of clinical events. 
Conclusion: Heart failure is highly prevalent but often unrecognized in nursing home 
population. POCUS in addition to clinical examination was not superior to clinical 
examination only guided heart failure management.  The findings of this study justify 
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Family physicians are responsible for the provision of comprehensive and continuing 
care to every individual seeking medical care irrespective of age, sex and illness (1).  
In most countries, including Slovenia, they are the primary health-care providers in 
nursing homes (NH). Nursing-home residents form a specific group of elderly 
patients requiring a person-centred approach, oriented to their individual needs and 
preferences (1). The role of NH physicians is to provide such care, while making an 
efficient use of health care resources through co-ordinating optimal care, managing 
the interface with other specialities and taking an advocacy role for the patient when 
needed (1). Nursing-home physicians use specific decision-making process 
determined by the prevalence and incidence of chronic illness, considering physical, 
psychological, social, cultural and existential dimensions of an elderly person (1).   
Characteristics of the nursing-home population  
In Europe and in developed world, the population is aging. Advanced age is 
associated with progression of chronic diseases and co-morbidities that may result in 
one or more functional, psychological or social limitations. About 20% of people ≥65 
years of age with functional limitations will receive long-term care in nursing homes 
or similar facilities (2). In Slovenia are 4,5% of the population ≥65 years live in 
nursing home facilities (3). Owing to demographic changes, institutionalized care is 
expected to increase by 130% in coming decades (4), resulting in a significant cohort 
of people with a high demand for healthcare services. The mean age of NH residents 
in Europe and in Slovenia is 83 years (3,5). The NH population is predominantly 
female (73%) and 81% of residents have functional or cognitive disabilities that 
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influence their daily activities (5). 
NH residents have a significantly higher annual hospital admission incidence 
comparing to community dwellers, with 0.62 and 0.26 admissions per person-year, 
respectively (6). Following respiratory diseases, cardiovascular conditions are the 
second most common cause of acute hospitalisations in the NH population (6). 
The role of family physicians in nursing homes in Slovenia 
There are currently 115 nursing homes in Slovenia, providing care for more than 
21000 people (about 1% of Slovenian population) (7,8). They provide assisted living 
in small- (<50 residents), intermediate- (50-200 residents) and large-sized (>200 
residents) facilities. Nursing homes provide basic care (e.g. assisted accommodation, 
meals), social care and health care (7,8). Health care includes medical care, physical 
therapy and occupational therapy. Medical staff in nursing homes includes one or 
more nursing home physicians, depending on the size of the facility, skilled nurses 
and nurse assistants who partake in making medical decisions regarding the care of 
residents. Nursing homes that offer dementia care have also a community psychiatry 
consultant. 
Nursing home physicians are usually specialists of family medicine or general 
practice, providing continuous care to nursing home residents. They recognize and 
meet the medical needs of a frail population with chronic diseases, functional 
disabilities and comorbidities. They can be employed full-time or part time, 
depending on the size of the nursing home. Besides common competences of 
establishing a diagnosis and planning of the treatment, nursing home physicians 
acquire special competences on geriatrics, rehabilitation and palliative care. They 
need to recognize individual needs and preferences of residents and their relatives, 
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carry out advanced-care planning, provide a safe and “do-no-harm” medical care, 
prevent of avoidable risks (such as falls, avoidable hospitalisations, and infection), 
organise an inter-professional work environment etc.  
A typical workday of a nursing-home physician consists of a morning staff meeting, 
visits of the patients in the office and on the wards, planning of diagnostics and 
treatment, communication with residents and relatives and the administrative work. 
They usually address more than one medical problem at a time by patients with 
several chronic conditions and extensive medication lists. Diagnostic options in 
nursing homes are limited to a clinical examination, basic blood and urine tests, an 
electrocardiogram (ECG) and some other bedside or office tests. Patients are referred 
to the secondary care level for all other diagnostic procedures (X-ray, 
ultrasonography, etc.). Due to the presence of nursing staff there are several  
therapeutic options in nursing homes. However, registered nurses are usually 
available only 8 hours a day, which is challenging for providing a continuous 
parenteral therapy.  
Nursing-home physicians in Slovenia are valuable providers of medical care and 
health-care advocates of elderly, fragile people who do not need to be in a hospital, 
but cannot be cared for at home. Their medical condition can soon deteriorate. The 
nursing-home physician needs to respond promptly and adequately, activating other 
services, if needed. They also need to protect the resident from unnecessary referrals 
and procedures, if not beneficial and in accordance with individual preferences.   
Burden of heart failure in the nursing-home population  
During recent decades, we have witnessed a shift of the global burden of disease 
towards chronic conditions. Heart failure (HF) is a common chronic condition in the 
elderly population (9). According to European Society of Cardiology, HF is defined 
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as a clinical syndrome that may be accompanied by signs caused by a structural 
and/or functional cardiac abnormality, resulting in a reduced cardiac output and/or 
elevated intracardiac pressures at rest or during stress (10). When symptomatic, it 
affects the health-related quality of life among people of all age groups. 
Heart failure is one of the most prevalent chronic conditions (11,12). Recent trends 
show a moderate decline in standardized incidence of heart failure, but the burden of 
heart failure is increasing as the result of the increased size of populations (13). 
Moreover, the NH population is only rarely a focus of prevalence studies of HF; 
therefore the data from large population studies do not reflect the actual burden of HF 
in nursing homes. The estimated prevalence of HF in elderly is 9.7% among people 
aged 75–84 years and 17.4% in those aged ≥85 years (11,12). In the NH population, 
the prevalence of HF is higher than in the general population of comparable age, 
ranging from 15% to 45% (14,15). 
European Society of Cardiology classifies patients with HF into three groups based on 
the left ventricular ejection fraction (LVEF) measurement. An LVEF value of >50% 
is considered preserved (heart failure with preserved ejection fraction - HFpEF), 
LVEF in the range of 40 – 49% represents mid-range ejection fraction (heart failure 
with mid-range ejection fraction – HFmrEF) and LVEF value of <40% is considered 
reduced (heart failure with reduced ejection fraction – HFrEF). This classification of 
patients with HF is related to different aetiologies, demographics, co-morbidities, 
response to therapies and prognosis (10). HFpEF is expected to be the most prevalent 
in elderly population, including the NH population.   
Screening of heart failure in the nursing-home setting 
The 2016 European Cardiology Society (ESC) guidelines provide universal 
recommendations for diagnosis of HF for all age groups (10). Non-acute onset HF 
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should be evaluated initially on the basis of the patient’s prior clinical history, 
presenting symptoms, signs, and resting ECG. If at least one element is abnormal, the 
next step is either measurement of natriuretic peptides (NPs) or echocardiography. 
The use of the NP assay is primarily to rule out a cardiac cause of the complaints, 
whereas echocardiography remains the tool of choice for evaluation of cardiac 
morphology and function to confirm or refute a diagnosis of HF.  
When used in combination with the clinical symptoms and signs, the NP assay 
improves the reliability of HF screening in the geriatric population (16). The ESC 
guidelines suggest single-point cut-off levels that are irrespective of age, renal 
function, or other known factors that may influence NP levels (10). In patients with 
non-acute onset and low concentrations of NPs (B-type natriuretic peptide [BNP] <35 
pg/mL, N-terminal pro-BNP [NT-proBNP] <125 pg/mL), the probability of HF is 
<1%, thus other etiologies should be pursued before beginning a detailed cardiac 
work-up. However, results of several studies have shown that the current cut-off 
values for ruling out HF are likely to be too low for the NH population (17–20). Due 
to the characteristics of this population, like advanced age and comorbidities, the 
suggested cut-offs for ruling out HF should probably be ≥230 pg/mL for NT-proBNP 
and 50 pg/mL for BNP (21).  
NPs can be measured in venous blood samples using standard laboratory devices, but 
can also be reliably performed at the bedside from venous blood (22). Although not 
used widely in Slovenia or elsewhere, point-of-care testing can be an important 
advantage from the perspective of accessibility of a diagnostic procedure for the NH 
population. The measurement is performed in 5-15 minutes on an appointed machine, 
such as the Cobas Roche POC h 232 system or the Abbott Point-of-Care I-stat system. 
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No statistically significant difference in diagnostic accuracy was found between 
point-of-care brain natriuretic peptide (BNP) and NT-proBNP tests. Besides the 
importance of natriuretic peptides for ruling-out HF, they are also valuable in long-
term HF management. High circulating NPs predict unfavourable outcomes in 
patients with HF and a decrease in NP levels during recovery from decompensation is 
associated with a better prognosis (10,23,24). For NH physicians, this can be valuable 
information with regard to the response to treatment of HF deterioration.   
Transthoracic echocardiography is the method of choice for assessment of cardiac 
morphology and function, including systolic and diastolic function of left and right 
ventricle (10). It enables the classification of patients with HF into subgroups with 
regard to LVEF (HFrEF, HFmrEF, HFpEF). In order to confirm the diagnosis of HF, 
NH residents in Slovenia are referred to a cardiologist in an outpatient clinic who 
performs transthoracic echocardiography and further diagnostic procedures, if needed. 
NH residents can also return to the nursing home with a diagnosis of HF, if the 
diagnostic procedure has been performed during hospitalization. With the 
development of ever more compact, portable and handy echocardiography machines, 
transthoracic echocardiography could be performed in virtually any setting, including 
nursing homes.  
Several studies have demonstrated that HF is undiagnosed in up to 90% or 
misdiagnosed in up to 76% of nursing-home residents (17,25–27). The reasons for an 
underestimated prevalence are complex, but limited accessibility to diagnostic 
procedures and the patient’s personal preferences related to quality of life are likely to 
play the most important role (15,28). A high rate of misdiagnosis is probably related 
to unstandardized and incomplete diagnostic procedures and clinical diagnoses of HF 
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noted in medical records. The diagnosis of heart failure, especially when relying 
solely on symptoms and signs, which is often the case in primary care, is fraught with 
difficulties. Both undetected diagnosis and incorrect diagnosis will lead to inadequate 
treatment of the underlying disease, and can impair the quality of life (17). 
Managing heart failure in the nursing home population 
Managing chronic conditions in the NH population requires specific skills of 
recognising illness that presents in an atypical or undifferentiated way, which may 
need a prompt and responsive treatment (1). Similar to the diagnostic procedures for 
HF, the ESC guidelines provide no age-specific therapy modifications (10). Elderly 
patients, women, and patients with comorbidities are selectively not recruited into 
major clinical trials in HF, therefore we have no reliable data how they should be 
managed (10). However, the ESC guidelines recognize  elderly HF patients as being 
particularly difficult to manage due to co-morbidity, frailty, cognitive decline and 
limited social support (10). This indicates that management of elderly patients with 
HF requires a more holistic approach to recognizing individual needs and necessary 
support mechanisms. 
When a reliable diagnosis of HF is established, there are two key-points of HF 
management in the NH setting: 1) an appropriate and timely pharmacological 
treatment and 2) minimisation of deteriorations that would require hospitalisations.  
The treatment goals and recommendations described for HF management are 
appropriate for older-aged individuals as well, if individually tailored (29,30). Several 
co-morbidities are commonly associated with HF: hypertension, diabetes, chronic 
lung disease, coronary artery disease, renal failure, sleep-disordered breathing, anemia 
and iron deficiency (31). Treatment for these co-morbidities may interact with HF 
therapy. On the other hand, conditions like cognitive decline, anorexia, muscle 
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wasting, frailty and mobility limitations may have an impact on the risk/benefit 
relationship of given treatments (31). 
In treating older HF patients, the “start low, go slow” regime is often used to adjust 
medication dosages to optimally balance benefits, side effects and interactions (32). 
However, elderly people often receive HF medications in a lower dosage and 
differently than recommended in guidelines (33). This can be due to tailoring of the 
therapy with regard to co-morbidities, frailty, and advance care preferences, but it can 
also be a result of a suboptimal or even inappropriate HF treatment (29,33). A good 
adherence to guidelines with prescription of at least 50% of the recommended dosage 
is associated with better clinical outcomes (34).  
Elderly patients are expected to be hospitalized for first or recurrent decompensation 
of HF (35,36). Older age in patients with HF is independently associated with a 
higher rate of hospitalization and lower survival (37–39). But NH residents with HF 
are even more vulnerable for negative outcomes than the general population of 
comparable age: 31% of NH residents with HF were hospitalized and 42% of NH 
residents with HF died within 1 year after admission to a long-care facility (40). This 
is a high burden both for the patient’s wellbeing and for health care resources. 
Without doubt, management of HF in the NH population should aim to avoid any 
preventable hospitalisation.  
The role of point-of-care ultrasonography in nursing homes  
Diagnosis and management of HF in the NH population are important challenges for 
NH physicians. NH residents may not receive optimal medical care since limited 
mobility and restricted cognitive abilities and may impede their access to medical 
specialists (41–43). There are new technologies that enable several stages of HF 
diagnosis and management to be performed at the bedside instead of being performed 
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at the secondary care level. These technologies improve the accessibility for HF 
diagnosis and enable a more prompt and precise approach to HF management. If 
adopted by NH physicians and family medicine as such, nursing-home patients with 
HF could benefit from them. 
Point-of-care ultrasonography is an instrument that can be of great value in primary 
care and specifically in the NH setting. POCUS is defined as ultrasonography brought 
to the patient and performed by the provider in real time (44). In case of POCUS, the 
expressions “point-of-care” and “bedside” are used interchangeably. POCUS enables 
the clinician to directly correlate visual findings with the patient’s presenting signs 
and symptoms and to promptly adjust the management according to the findings. 
Point-of-care ultrasonography is easily repeatable if the patient’s condition changes 
(44). In the last decade, POCUS has developed into an indispensable tool for bedside 
patient management, and has been called the stethoscope of the 21st century. 
POCUS has been widely used in various clinical specialties. It is being increasingly 
used in the primary care (45,46), with the potential to be used also in nursing homes. 
Primary level physicians working in family medicine and general practice use it for 
different of indications, including heart failure (Supplement 1) (45). As such, it is a 
promising tool to be used in the NH setting. 
We are witnessing a rapid development of portable ultrasonography devices that 
enable primary care physicians to perform POCUS exams in different body regions 
and for a variety of indications (45). On one hand, POCUS devices are getting more 
and more portable and easy-to-use; on the other hand, many of them offer a wide 
variety of visualisation options, an high quality of imaging, and sophisticated 
advanced functions. However, they are designed for a general approach, and not for 
examination of a specific organ, such as a diagnostic echocardiography.   
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The role of POCUS in heart failure management 
The 2016 ESC heart failure management guidelines recommend the use of POCUS 
for the confirmation of pulmonary congestion and pleural effusion in acute HF and for 
the measurement of inferior vena cava size for the assessment of volume status in HF 
patients (10). To date, POCUS has been mostly researched for a dichotomous 
decision-making in acute HF (47,48) , while usefulness of POCUS in chronic HF 
management has not been widely investigated (49,50). Recent studies show that an 
estimate of sub-clinical lung congestion with POCUS is an important predictive factor 
for HF outcome in ambulatory patients (51,52). This may enable the primary care 
physician to promptly adjust diuretic therapy and prevent a deterioration of HF. 
Pulmonary congestion can be evaluated with POCUS by visualizing intercostal 
artifacts named B-lines. B-lines are defined as discrete laser-like vertical hyperechoic 
reverberation artifacts that arise from the pleural line, extend to the bottom of the 
screen without fading, and move synchronously with lung sliding (53). The presence 
of B-lines can be evaluated in different chest regions. Various studies used a different 
number of regions to evaluate B-lines (51). The 8-region evaluation is most 
commonly used by non-cardiologists  (Figure 2). A positive region is defined by the 
presence of three or more B-lines in a longitudinal plane between two ribs. Five to 
eight positive regions identify patients with an increased risk for 6-month HF 
hospitalization or death (51). 
Volume status of a patient can be assessed on the basis of inferior vena cava (IVC) 
size and its breathing-related collapse (10). Kircher and Papadimos developed an easy 
method of estimating volume status based on IVC-size and collapsibility (Table 2) 
(54,55). Patients with a medium-sized non-collapsible IVC and patients with large 
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ICV are considered volume-overloaded. Patients with small end-expiratory IVC 
diameter are considered volume-depleted.  
The role of POCUS in HF management is essentially in the volume status evaluation. 
Achieving euvolemia in patients with HF is very important, because both 
hypervolemia and hypovolemia may lead to decompensation of the HF patient. 
Volume status is a result of fluid intake and fluid elimination. NH residents are 
unpredictable in their hydration habits (56) as they often do not drink enough, but still 
ingest diuretics. Just as likely they might not follow individual daily fluid restrictions. 
They are at risk for deterioration of renal function due to diuretic overuse, which can 
lead to an electrolyte imbalance and acute renal failure. On the other hand, they are 
sensitive to fluid overload, which can rapidly cause pulmonary congestion and 
symptomatic deterioration of HF. Therefore the use of diuretics must be adjusted 
according to their individual needs and often reassessed (10). POCUS enables a 
prompt detection of subclinical changes related to volume status and consequential 
diuretic therapy adjustment (48,50). As such, it is a promising tool that might help to 
delay deteriorations of HF patients in nursing homes.  
 
The originality of this study is in performing HF screening in NH setting and 
assessing the applicability of POCUS for a chronic disease follow-up in primary care. 
In primary care and family medicine in particular, POCUS has been proven useful for 
evaluating numerous conditions in the acute setting. In this study, POCUS was 
evaluated from a totally novel perspective. First of all, POCUS was used for the 
longitudinal management of a chronic condition and not for straightforward acute care 
decision-making. Secondly, it was used on a population with limited accessibility to 
advanced healthcare services, in a residential setting, not in a medical facility. Lastly, 
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POCUS was performed by nursing-home physicians, who completed a targeted 
POCUS training program, but had no prior POCUS experience. They integrated 
POCUS assessment in their daily routine work with nursing-home residents.  
To the best of our knowledge, this is the first study to evaluate the usefulness of 
POCUS in management of chronic conditions in family medicine.     
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The aim of this research is to develop an algorithm for the management of HF 
patients among NH residents, based on HF prevalence and the estimate of usefulness 




1. To determine the prevalence of HF among NH residents.  
2. To determine whether POCUS for measuring volume overload improves quality of 
HF management in NH residents by delaying the deterioration of HF.  




1. The prevalence of HF in NH residents is higher than 10%.  




Study design  
A multicentre, prospective, randomized controlled trial was conducted. 
Setting  
The study was performed in two nursing home facilities - DSO Ljubljana-Vič, unit 
Bokalce and DEOS, unit Horjul. Both nursing homes provide  long-term somatic and 
psycho-geriatric care for a total of 532 residents. They also provide short-term care 
and day-care activities for the elderly. Residents are assisted with their daily and 
healthcare needs by a multidisciplinary team. Nursing-home physicians JD and TP 
were responsible for all medical care decision-making, including the initiation of 
different diagnostic and therapeutic interventions as well as palliative care. Both 
nursing-home physicians are family medicine specialists.  
Study population  
The population consisted of nursing-home residents, willing to participate in the 
study. Residents were invited to be screened for HF using the 2016 ESC guidelines 
(10), regardless of a pre-existing diagnosis of HF.  
Inclusion and exclusion criteria 
Inclusion criteria for the screening phase were: a) nursing-home residents and b) 
consent to participate in the study by the participant or by their legal representative. 
Exclusion criteria were: a) life expectancy of less than 6 months for reasons other 
than heart failure, b) residents on short-term stay or on day-care and c) residents 
unable to complete HF diagnostic testing for any reason.  
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Only nursing-home residents with HF were included in the intervention part of the 
study. 
Selection of participants  
The residents or their legal representatives received a letter describing the purpose 
and content of the study, the informed consent form and the data administration 
consent form, consistent with Global data protection regulation (EU) 2016/679. 
Residents and their representatives were able to obtain a further explanation of the 
study from the research coordinators in the nursing home (a registered nurse or a 
nursing-home physician).  
Training of nursing-home physicians  
Nursing-home physicians were presumed to be skilled in the management of heart 
failure. However, they were be encouraged to review the 2016 Guidelines for the 
diagnosis and treatment of acute and chronic heart failure (10) and were able to 
consult a cardiologist at any time. 
Nursing home physicians had no prior knowledge of bedside ultrasonography. They 
received a 3-hour supervised training on the handling of POCUS device and on the 
use of POCUS for volume assessment by a licenced POCUS instructor (GP). The 
physicians were trained in the assessment of B-lines in 8 standard positions in a 
supine patient (Figure 2) and in the visualisation and the estimation of the inferior 
vena cava size and collapsibility (Table 2). During training, they performed at least 
five supervised POCUS volume assessments. Later, they autonomously performed 
and recorded at least ten POCUS volume assessments. An independent POCUS 
instructor (AB) evaluated the recorded images three weeks after the initial training. 
The competency of the skill was confirmed if at least 90% of all images were 
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correctly interpreted. A detailed training program for nursing-home physicians is 
provided in Supplement 2. 
Study protocol 
The study protocol consisted of the screening for HF in part 1 and the intervention in 
part 2. It followed the scheme presented in Figure 1.   
 
 
Figure 1: Study protocol scheme  
 
Screening of HF 
Screening for HF followed the (10) 2016 European Cardiology Society diagnostic 
algorithm for a diagnosis of heart failure of non-acute onset. All screening stages took 
place in the selected nursing-home facilities.  
The diagnostic procedure to determine HF consisted of: 1) the assessment of HF 
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probability by assessing clinical history, clinical signs and ECG, 2) the NT-proBNP 
measurement and 3) the echocardiography with clinical judgement.  
Assessment of heart failure  
With the help of two junior researchers, the nursing-home physicians JD and TP 
reviewed the residents’ history, performed a clinical examination, and identified 
clinical signs of HF. They had full access to the residents’ medical documentation. 
The Md+calc on-line tool (https://www.mdcalc.com/charlson-comorbidity-index-cci) 
was used to calculate the Charlson index (57) for assessing multimorbidity. Trained 
nursing-home staff recorded a standard 12-lead ECG and collected blood samples for 
the measurement of the N-terminal pro b-type natriuretic peptide (NT-proBNP) 
marker. NT-proBNP measurement was conducted on a Roche Cobas h 232 point-of-
care system on site. Nursing-home physicians interpreted the ECG. Cardiologists 
MM, DB and MG, licenced to perform echocardiography, performed 
echocardiography exams using a General Electrics Vivid 7 ultrasound system. A pre-
defined ultrasonography protocol was followed and images and clips were recorded 
(Supplement 3). While performing echocardiography, the cardiologists were blinded 
for the NT-proBNP value. They  performed echocardiography on an additional 10% 
of NT-proBNP negative patients as a control measure.  
Diagnosis of heart failure and optimisation of heart failure treatment  
After performing echocardiography, the cardiologist had access to all patient data to 
diagnose HF. The current classification of HF was used: heart failure with preserved 
(HFpEF), mid-range (HFmrEF) and reduced ejection fraction (HFrEF). For the 
diagnosis of HFmrEF and HFpEF, the following conditions were required: presence 
of symptoms and/or signs of heart failure, left ventricular ejection fraction (LVEF) of 
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≥50% or 40-49%, NT-proBNP ≥125 pg/mL and objective evidence of other cardiac 
functional and structural alterations underlying heart failure. In case of uncertainty, a 
stress test or invasive methods could not be performed in the nursing-home setting. 
Therefore the cardiologists relied on all parameters, measurable with a transthoracic 
echocardiography and their individual judgement. A predefined ultrasonography 
protocol was followed (Supplement 3). 
Diastolic heart failure was also evaluated according to ESC 2016 guidelines (10). The 
cardiologists sought to evaluate at least: a) a left atrial volume index, b) a left 
ventricular mass index, c) the ratio between early mitral inflow velocity and mitral 
annular early diastolic velocity (E/e') and d) other relevant echocardiographic 
parameters (e.g. tricuspid regurgitation velocity, if present). 
At the inclusion point, the cardiologist performing echocardiography recommended a 
therapeutic management plan for HF patients. The cardiologist and the nursing-home 
physicians jointly optimized medication therapy considering both current medication 
guidelines and individual patient characteristics. From this point on, the nursing-home 
physician managed the patient with regard to HF and any other medical condition.  
Randomization 
Patients diagnosed with HF were randomized using block randomisation (block n=10) 
into an intervention and a control group in a 1:1 fashion. An independent statistics 
advisor generated the randomization list. Patient identification numbers were used for 
the randomization process instead of a name to avoid randomization bias. The 
research coordinator VH performed randomization by applying a sealed envelope 
technique (58). When randomized, the identification number was translated back to 
the name of the patient. The research coordinator informed the nursing-home 
physician about the randomization outcomes. 
 37 
Intervention  
Nursing-home physicians JD and TP managed HF patients for 6 months by assessing 
volume status and tailoring diuretic therapy, aiming to prevent any significant 
deterioration of HF.  
Patients in the control group received standard care following current HF guidelines 
and good clinical practice. The POCUS-guided management group received the same 
clinical standards plus POCUS for volume evaluation. 
The follow-up of both the POCUS and the control groups lasted 6 months. The 
patients were evaluated at regular intervals, presented in Table 1. Unplanned 
evaluations were performed whenever HF deterioration was suspected and one week 












POCUS group Physical 
examination 
+ + + + - 
POCUS + + + + - 
Evaluation of HF 
deteriorations 
+ + + + + 
Control group Physical 
examination 
+ + + + - 
POCUS + - - - - 
Evaluation of HF 
deteriorations 
+ + + + + 
 
Table 1: Follow-up plan; HF - heart failure, POCUS - point-of-care ultrasonography 
 
In the POCUS group, nursing-home physicians used Samsung SonoAce R3 point-of-
care devices. The POCUS volume assessment consisted of the visualisation of B-lines 
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on 8 standard positions: the mid-clavicular line in the second and fourth intercostal 
space bilaterally and the mid-axillary line in the second and fourth intercostal space, 
bilaterally (Figure 2) (49). Furthermore, inferior vena cava diameter and collapsibility 
were evaluated, as presented in Table 2.  
 
                                   
 
Figure 2: Eight standard positions for visualisation of B-lines in lung POCUS 
 
The inferior vena cava diameter and collapsibility were assessed by observation using 
the “eyeballing technique”, 2 cm below the junction with the right atrium (54,55). It 
was categorised as small, medium or large. The inferior vena cava was considered 












Small <1.5 cm >50% 0–5 mm Hg 
Medium 1.5–2.5 cm 
>50% 
<50% 
6–10 mm Hg 
11–15 mm Hg 
Large >2.5 cm <50% >16 mm Hg 
 
Table 2:  Inferior vena cava diameter and collapsibility evaluation; adapted and 
modified from Kircher, et al. (54) and Papadimos, et al. (55) 
Diuretic therapy adjustments 
Nursing-home physicians JD and TP monitored patients with HF for signs of volume 
overload.  
Volume overload was defined clinically as any new HF-related symptom 
(breathlessness, orthopnoea, paroxysmal nocturnal dyspnoea, reduced exercise 
tolerance, fatigue, tiredness, increased time to recover after exercise), consistent with 
any of clinical signs of HF (pulmonary crepitation, ankle swelling, elevated jugular 
venous pressure, hepatojugular reflux, gallop rhythm, laterally displaced apex, weight 
change >2 kg/week).  
Clinical signs of volume depletion were turgor over the sternum, examination of the 
mouth for dryness, mental status change and dizziness when sitting or standing up 
(59).  
In the POCUS group, volume overload was defined as the presence of B-lines in at 
least 5 out of 8 positions on the thorax, with at least three B-lines in one field, or if the 
inferior vena cava was found large (>2.5 cm) or medium-sized, but non-collapsible 
(54).  
Volume depletion was defined as a small and non-collapsible inferior vena cava 
together with absent B-lines and clinical signs of volume depletion. 
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If the nursing-home physicians assessed the presence of volume overload, they 
doubled the daily dose of the diuretic and re-evaluated the patient in one-week time. If 
they found the patient volume depleted one week after the increase of the dose of 
diuretic, they halved the daily dose of the diuretic back to initial dose.  
Workload evaluation 
The use of POCUS was assessed also from the perspective of potential additional 
workload for nursing-home physicians. The workload was monitored as the frequency 
of HF related and HF unrelated non-administrative contacts, therapy modifications 
and referrals. 
At the completion of the study, an independent panel of two family medicine 
specialists, not treating nursing-home residents, reviewed the documentation and 
decided if hospitalizations or deaths were: a) unrelated related to heart failure, b) 
related to heart failure or c) caused by heart failure. In cases of disagreement they 
consulted with a cardiologist.  
Endpoints  
Primary endpoint 
The primary endpoint was a composite of the need for intravenous diuretic therapy, 
emergency service intervention, unplanned hospitalization for a non-traumatic cause, 
or all-cause death.  
Secondary endpoints  
Secondary endpoints were: 
1. A change in quality of life according to self-evaluation, 
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2. A change of functional state using the New York Heart Association (NYHA) 
score,  
3. A need for an intravenous diuretic application, 
4. A need for an emergency service intervention,  
5. A need for an unplanned hospitalization for a non-traumatic cause, 
6. The number of days in hospital related to HF deterioration,  
7. The number of days alive and out of hospital and 
8. All-cause death. 
 
Outcomes to evaluate workload for nursing-home physicians were measured as the 
frequency of HF-related and HF-unrelated non-administrative contacts, therapy 
modifications and referrals. 
Data collection  
The data required to answer the research questions are presented in Table 3. A study 
form to collect all required data was designed (Supplement 4). It was provided for 
every nursing-home resident who begun screening for HF. Echocardiography data 
(including images and video clips) were recorded in the General Electrics Vivid 7 
ultrasound memory system and were later downloaded. Data were then entered in the 
Excel for Office 365 for Mac work-package.  
Statistical analysis  
Sample size calculation  
The calculation of sample size was based on an estimated prevalence of HF in 
nursing-home residents of p=0.25 and on an estimated incidence of a heart failure 
composite event in six months to be 50% (6, 17). In the intervention phase of the 
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research, we aimed to decrease the number of patients with deterioration of heart 
failure from 50% to 20% in six months. With a study power of 80% and an estimated 
statistical error of 5%, at least 90 residents with heart failure were needed to be 
included in the randomised controlled trial.  
With the expected prevalence of HF of p=0.25, 360 residents were planned to be 
recruited for HF screening. The response rate to participate in clinical studies in this 
population is expected to be about 30% (26). Therefore, we planned to approach 
about 1000 nursing-home residents to yield 360 residents for heart failure screening.  
However, after screening the first 80 nursing-home residents, the actual prevalence of 
HF was found to be p = 50%. Therefore, we reduced the number of residents to be 
screened to 180 plus a safety margin of 10-15% (198 to 207 residents).  
Data analysis 
Categorical variables are reported as the number and percentage and continuous 
variables are reported as the mean ± standard deviation (SD), or median and 
interquartile range (IQR), as appropriate.  
Baseline characteristics of the nursing-home population, the differences between HF 
positive and HF-negative nursing home residents as well as the evaluation of the 
efficacy of the randomisation are presented using the chi-squared test, Fisher exact 
test, t-test, or Mann-Whitney U test.  
For primary and secondary outcomes and outcomes related to the workload 
evaluation, the chi-squared test, Fisher exact test or Mann-Whitney U test were used, 
as appropriate. 
Receiver-operated curve (ROC) analysis was used to compare the sensitivity-
specificity of the screening test. The Kaplan-Meier time-to-deterioration plot was 
used to compare events in the experimental and control groups.  
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Two-sided significance levels of 0.05 were used in all analyses. Data were analysed 
using SPSS statistical software package for MS Windows, version 25 (IBM Corp., 
Armonk, NY).  
Study registration and ethical consideration  
 
This randomized clinical trial has been registered as “Point-of-care ultrasonography 
for management of heart failure in nursing home residents” in the German clinical 
trial registry (DRKS00012911). The protocol was approved by the Slovenian National 
Medical Ethics Committee (KME 41/06/17) and the study complies with the 
Declaration of Helsinki.   
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Age In full years Medical record 
Gender Male or female Medical record 
Co-morbidity Yes, if more than 2 chronic diseases Medical record 
Charlson Co-morbidity Index Using MDCalc software Medical record 
Number of regular medications  Number of all prescribed medicines Medical record 
Start-point health barometer Self-evaluated Interview 
Start-point NYHA On scale I-IV Interview and clinical examination 
Clinical history  Previous diagnosis of HF Yes, if any evidence Medical record 
History of coronary artery disease Yes, if any evidence Medical record 
History of arterial hypertension Yes, if any evidence Medical record 
Exposition to cardiotoxic drugs/radiation Yes, if any evidence Medical record 
Use of diuretics Yes, if any evidence Medical record 
Orthopnoea / paroxysmal nocturnal dyspnoea  Yes, if declared or any evidence Interview or medical record 
Physical 
examination 
Rales Yes, if bilateral Clinical examination 
Bilateral ankle oedema Yes, if bilateral Clinical examination 
Heart murmur Yes, if heard Clinical examination 
Jugular venous dilatation Yes, if observed in sitting position Clinical examination 
Laterally displaced / broadened apical beat Yes, if felt Clinical examination 
Diagnostics of 
heart failure 
ECG Any abnormality Study  
NT-proBNP Positive if ≥125 pg/mL Study  
LVEF Expressed in % Study 
Echocardiography Categorisation in HFrEF, HFmrEF, HFpEF Study  
Diagnosis of HF Yes, if criteria are met Study 
Effect outcome 
measures 
Need for the i.v. diuretic  Number of events, time to first event Study 
Emergency service intervention Number of events, time to first event Study 
Unplanned hospitalisations for non-injury cause Number of events, time to first event Study 
All-cause death  Study 
Quality-of-life 
outcome measures 
Days to deterioration of heart failure For any event related to HF deterioration Study  
Start-point self-evaluated quality of life Self-evaluated Study 
Self-evaluated quality of life change Self-evaluated Study  
Start-point NYHA class On scale I-IV Study 
Change in NYHA class On scale I-IV Study  
Days in hospital for heart failure For HF deterioration only Study  
Days alive and out of hospital Excluding hospital days for whatever cause Study  
Workload related 
outcome measures 
Non-administrative contacts All and HF related Study  
Therapy modifications All and HF related Study 
Unplanned referrals All and HF related Study 
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Table 3: Study data collection list (HF-heart failure; LVEF-left ventricular ejection fraction; NYHA-New York Heart Association classification; 
HFrEF-heart failure with reduced ejection fraction; HFmrEF-heart failure with mid-range ejection fraction; HFpEF-heart failure with preserved 




In May 2018, a total of 532 residents from two nursing-home facilities were invited to 
HF screening. 203 responded and 198 completed the HF screening. 5 residents were 
unable to finish the HF screening: 3 residents due to hospitalizations and 2 residents 
found the diagnostic procedure too burdensome and withdrew their consent (Figure 
3). 
 




Baseline population characteristics  
The baseline characteristics of the nursing-home residents are presented in Table 4. 
The mean age of all screened residents was 83±8 years, 27% were male, 96% had co-
morbidities and they were receiving an average of 10 chronic medications. The 
median Charlson multimorbidity index was 6, which indicates an estimated 10-year 
survival of 2%. 
Hypertension was the most prevalent chronic condition (70%), followed by dementia 
(36%), diabetes (27%), atrial fibrillation (26%) and stroke (16%). Heart failure was 
reported in medical records in 22% of all nursing-home residents. Atrial fibrillation 













Table 4: Baseline characteristics of the nursing-home residents with and without heart 
failure; HF-heart failure, IQR-interquartile range, COPD-chronic obstructive 
pulmonary disease, + chi-square test, # t-test for independent variables, * Fisher's exact 
test, $ Mann-Whitney U test. 
 All 
n=198 
N (% or IQR) 
HF + 
n=90 
N (% or IQR) 
HF - 
n=108 
N (% or IQR) 
p 
Age <70 13 (7%) 1 (1%) 12 (11%) 0,001+ 
70-79 38 (19%) 12 (13%) 26 (24%)  
80-90 119 (60%) 58 (64%) 61 (57%) 
>90 28 (14%) 19 (21%) 9 (8%) 
Mean 84±8 86±6 82±9 <0,001# 
Male gender 53 (27%) 26 (29%) 27 (25%) 0,629* 
Co-morbidities Any 189 (96%) 87 (97%) 102 (94%) 0,514* 
Charlson index 6 (5-7) 6 (5-7) 6 (5-7) 0,131$ 
Hypertension 139 (70%) 70 (78%) 69 (64%) 0,042* 
Dementia 71 (36%) 28 (31%) 43 (40%) 0.204+ 
Diabetes 54 (27%) 21 (23%) 33 (31%) 0.256+ 
Atrial fibrillation 52 (26%) 42 (47%) 10 (9%) <0,001+ 
Stroke 31 (16%) 15 (17%) 16 (15%) 0.721+ 
Renal failure 23 (12%) 12 (13%) 11 (10%) 0.491+ 
COPD 18 (9%) 9 (10%) 9 (8%) 0.685+ 
Anaemia 14 (7%) 9 (10%) 5 (5%) 0.142+ 
Previous diagnosis of HF 43 (22%) 29 (32%) 14 (13%) 0,002* 
No. of regular medications   10 (7-13) 10 (80-13) 10 (7-12) 0,443$ 
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Screening for heart failure 
Clinical characteristics related to HF 
 
Clinical characteristics, presented in Table 5, were gathered during the screening of 
HF. Regardless to the diagnosis of HF, there is a high prevalence of hypertension 
(70%), the use of diuretics (56%) and abnormalities in ECG (69%) in all nursing-
home residents. NT-proBNP was positive (that is above 125 pg/mL) in 87% of all 
nursing-home residents. 
HF-positive residents differed from HF-negative residents in age, co-morbidities 
(atrial fibrillation), clinical history (arterial hypertension and use of diuretics), HF 
related symptoms (orthopnea), signs (bilateral ankle oedema, heart murmur, jugular 
venous dilatation, laterally displaced/broadened apical beat), pathological ECG and 














Table 5: Clinical characteristics, related to heart failure, in nursing-home residents 
with and without heart failure; HF-heart failure, IQR-interquartile range, SD-standard 
deviation, ECG-electrocardiogram, LVEF-left ventricular ejection fraction, NA - not 
applicable, + chi-square test, # t-test for independent variables, * Fisher's exact test, $ 
Mann-Whitney U test. 
Prevalence of HF 
Out of 198 nursing-home residents who completed the screening, 90 (45,5%) were 
diagnosed with HF. In 61 (68%) residents the diagnosis of HF was unknown, while 
14 (33%) had a previous diagnosis of HF in medical records but were misdiagnosed 




N (% or IQR) 
HF + 
n=90 
N (% or IQR) 
HF - 
n=108 
N (% or IQR) 
P 
Clinical history Coronary a. disease 20 (10%) 13 (14%) 7 (7%) 0,096* 
Hypertension 139 (70%) 70 (78%) 69 (64%) 0,042* 
Cardiotox. drug/rad. 20 (10%) 6 (67%) 14 (13%) 0,162* 
Use of diuretic 111 (56%) 63 (70%) 48 (44%) <0,001* 
Orthopnoea 16 (8%) 13 (14%) 3 (3%) 0,003* 
Physical 
examination 
Rales  32 (16%) 28 (31%) 4 (4%) <0,001* 
Bilat. ankle oedema 35 (18%) 30 (33%) 5 (5%) <0,001* 
Heart murmur 18 (9%) 18 (20%) 0 (0%) <0,001* 
Jugular v. dilatation 9 (5%) 9 (10%) 0 (0%) 0,001* 
Apex 7 (4%) 7 (8%) 0 (0%) 0,004* 
Any abnormality in ECG 137 (69%) 76 (84%) 61 (58%) <0,001* 
NT-proBNP ≥ 125 pg/mL 173 (87%) 90 (100%) 83 (77%) <0,001+ 









LVEF Value (%) 64±11 60±12 69±7.6 <0,001#  
<40 NA 6 (7%) NA 
40-50 12 (13%) 
>50 72 (80%) 
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There was a statistically significant difference in undiagnosed HF between the two 
nursing homes, but no statistically significant difference in misdiagnosed HF (Table 
6).  
 
Figure 4: Prevalence of HF in the nursing-home population before and after 
screening; HF-heart failure 
Nursing 
home 
















2 20 50 39 (78%) 9 (45%) 
Total 43 90 61 (68%) NA 14 NA 
 
Table 6: Undiagnosed and misdiagnosed HF in different nursing homes; HF-heart 
failure, + chi-square test, NA-not applicable. 
NT-proBNP for HF screening in NH population 
The median and NT-proBNP value in HF-positive residents was 1670 (642-3109) 
pg/mL and in HF-negative residents 348 (134-654) pg/mL. 
With the cut-off value of NT-proBNP of ≥ 125 pg/mL, NT-proBNP was positive in 
87 (77%) of HF-negative residents, which makes the test useless in this population. 
Thus, an optimal cut-off value based on NT-proBNP values form this study, was 
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determined using a receiver-operated curve (ROC) analysis (Figure 5, Table 7). The 
area under the curve (AUC) was 0,84 (with the 95% confidence interval 0.78–0.89); 
this indicated an acceptable discriminating power.  
Based on the optimal intersect of sensitivity and specificity (Table 7) in ROC 
analysis, an optimal NT-proBNP cut-off value of 455 pg/mL was determined. This 
cut-off value detected 73 (81%) and missed 17 (19%) HF-positive residents.  
  
 
Figure 5: Receiver-operated curve (ROC) analysis in NH residents to compare the 
sensitivity/specificity of NT-proBNP values in the diagnosis of heart failure in 








144 99% 30% 
233 93% 38% 
348 85% 50% 
455 81% 70% 
512 80% 70% 
637 75% 74% 
748 73% 79% 
765 72% 81% 
 
Table 7: Receiver-operated curve (ROC) analysis in NH residents to compare the 
sensitivity/specificity of NT-proBNP values in the diagnosis of heart failure in 
nursing home population.  
Echocardiography for HF screening in NH population 
Residents with HF had an average left ventricular ejection fraction (LVEF) of 
60±12%. 
Most of them had HFpEF and 7% had HFrEF (Table 8). Individual parameters of 
diastolic dysfunction are summarized in Table 9.  
Class LVEF Number of patients 
HFrEF <40 6 (7 %) 
HFmrEF 40-50 12 (13 %) 
HFpEF >50 72 (80 %) 
 
Table 8: Prevalence of HF with reduced ejection fraction (HFrEF), mid-range ejection 












HFmrEF 40-50 12 (13 %) 1 (8%) 10 (83%) 1 (8%) 
HFpEF >50 72 (80 %) 14 (19%) 48 (67%) 10 (14%) 
 
Table 9: Analysis of diastolic heart failure in nursing home residents with mid-range 
ejection fraction (HFmrEF) and preserved ejection fraction (HFpEF). 
 




Comparison of the POCUS group and the control group 
 
The intervention and the control groups were not significantly different with respect 
to all observed baseline and clinical characteristics: age, gender, number of co-
morbidities, number of regular medications, elements in clinical history, signs, NT-
proBNP and LVEF (Table 10). 
 
 
Table 10: Baseline characteristics of the POCUS and control group; IQR-interquartile 
range, LVEF-left ventricular ejection fraction, + chi-square test, # t-test for 
independent variables, * Fisher's exact test, $ Mann-Whitney U test. 
Study outcomes 
Primary and secondary outcomes  
 
The primary endpoint occurred in 8 (18%) POCUS patients and in 10 (22%) control 
group patients (p=0.793); POCUS group patients had fewer events than control group 
patients (18 vs. 22, p=0.607) – Table 11.  
 
 POCUS group 
n=45 
N (% or IQR) 
Control group 
n=45 
N (% or IQR) 
p 
Age ± SD 86±5 86±7 0,936# 
Gender (male) 12 (27%) 14 (31%) 0,816* 
Co-morbidity  44 (98%) 43 (96%) 1,000* 
Charlson index  6 (5-8) 6 (5-7) 0,099$ 
Atrial fibrillation 19 (42%) 23 (51%) 0,398+ 
Number of regular medications  10 (7-14) 10 (8-12) 0,700$ 
NT-proBNP; median pg/mL (Q1-Q3)  1872 (848-3084) 1617 (542-3139) 0,698# 















(M ± SD) 
p 
Patients with events Events 




































Table 11: Primary and secondary outcomes (events only); HF - heart failure, POCUS 
– point-of-care ultrasonography, * Fisher's exact test, $ Mann-Whitney U test, N – 
number of events or patients, M – mean, SD – standard deviation 
 
The most frequent event was an unplanned hospitalisation for a non-traumatic cause 
(5 in the POCUS group and 10 in the control group, p=0.334). In total, 11 patients 
were hospitalised, 4 in the POCUS group and 7 in the control group. In the primary 
endpoint there was no statistically significant difference found between the POCUS 
and the control group. However, there is a trend for more events in the control group 




Figure 6: Time to primary endpoint - deterioration of HF, Kaplan-Meier method.  
 
There was no statistically significant difference in quality of life outcomes (Table 12). 
The control group deteriorated both according to the self-evaluated quality of life and 
the NYHA scale, while the POCUS group minimally improved according to self-
evaluated quality of life and deteriorated only on the NYHA scale, but the differences 
were not statistically significant. The control group had more HF-related 
hospitalisations than the POCUS group (3 vs. 1) and a higher absolute number of days 
in hospital due to HF (44 vs. 9, respectively). However, the rate of HF hospitalisations 







 POCUS group 
n=45 
(% or M ± SD) 
Control group 
n=45 
(% or M ± SD) 
p 
Self-evaluated quality of life (0-100) 59,5±19,0 63,1±17,5 0,405# 
Self-evaluated quality of life change 0,6±20,3 -2,7±17,3 0,393$ 
NYHA class I 13 (29%) 9 (20%) 0,473+ 
II 16 (36%) 18 (40%) 
III 6 (13%) 9 (20%) 
IV 4 (9%) 1 (2%) 
Change in NYHA class -0,1±0,6 -0,1±0,6 0,895$ 
Days in hospital for HF  0,2±1,3 1,0±5,0 0,315$ 
Days in hospital for HF – absolute value (days) 9 44 N/A 
Days alive and out of hospital – mean per all patients 166±44 165±41 0,873# 
 
Table 12: Secondary outcomes: Quality-of-life; HF - heart failure, POCUS – point-of-
care ultrasonography, + chi-square test, # t-test for independent variables, $ Mann-
Whitney U test, n – number of events or patients, M – mean, SD – standard deviation 
Workload due to POCUS in nursing homes 
 
Workload due to the use of POCUS was evaluated for the POCUS and control groups 
by recording all non-administrative contacts, therapy modifications, and unplanned 
referrals, both cumulative and specifically related to treatment of HF (Table 13). The 
POCUS group had less non-administrative contacts (all and HF-related), less therapy 
modifications (all and HF-related), and less referrals (all). However, the differences 
























All 45 (100%) 45 (100%) NA 5,9±3,5 6,3±3,6 0,858$ 
HF-related 44 (98%) 45(100%) 0,315+ 3,5±2,6 3,7±2,7 0,468$ 
Therapy 
modifications 
All 38 (84%) 39 (87%) 0,764+ 3,0±3,8 3,2±3,0 0,592$ 
Cardiology 25 (56%) 27 (60%) 0,670+ 1,0±1,9 1,6±2,4 0,229$ 
Diuretics 18 (40%) 24 (53%) 0,205+ 0,7±1,9 1,3±2,2 0,062$ 
Unplanned 
referrals 
All 15 (33%) 16 (36%) 0,824+ 0,5±0,8 0,6±1,0 0,708$ 
HF-related 3 (7%) 5 (11%) 0,459+ 0,7±0,3 0,2±0,7 0,432$ 
 
Table 13: Workload related outcome measures; HF - heart failure, POCUS – point-of-
care ultrasonography, NA - not applicable, $ Mann-Whitney U test, + chi-square test 
 
Cardiologists and nursing home physicians reported the estimated time required to 
perform ultrasonography exams. Residents with minor or no locomotor impairment 
were examined in the nursing-home physician’s office. Bedridden patients were 
examined in their rooms. The cardiologists found that diagnostic echocardiography 
was more time demanding if performed in resident’s room, mostly due to logistics 
(finding the room, plugging-in the apparatus, darkening of the room, ensuring 
intimacy etc.).  
Nursing-home physicians reported no difference in the estimated time depending on 
the location. Time to transfer the POCUS apparatus to the resident’s room was 
comparable with the time that an elderly person spent in the office.  









Location Estimated time Apparatus  
Diagnostic 
echocardiography 
In office 45 - 60 minutes General Electric Vivid 7 
ultrasound system  Bedside 60 minutes 
POCUS ICV and  
 8-zone B-lines exam 
In office 5-15 min Samsung SonoAce R3 
point-of-care device Bedside 5-15 min 
 




To our knowledge, this is the first multicentre randomized clinical trial to evaluate HF 
prevalence in nursing homes and to test whether POCUS-guided management 
improves outcome among nursing-home residents with HF.  
The results show that HF is highly prevalent in the NH population and largely 
undiagnosed or misdiagnosed. Furthermore, the study demonstrated that POCUS is 
feasible to perform by NH physicians. However, in the 6-month follow-up we could 
not prove the superiority of POCUS-guided management to standard management.  
Study population 
 
This study investigated nursing home residents from one medium sized and one large 
sized nursing home in Slovenia (60). The first was situated in a rural area and the 
second in an urban area.  
Residents were invited to participate in the study by an invitation letter; posters and 
flyers were distributed in common areas. Anyone who showed interest in the study 
was able to obtain information individually from the research staff. The response rate 
was 38%, which is comparable to the response in other HF studies in the NH setting 
(26,61). However, little is known about the non-respondents. Current regulations on 
data gathering protection (GDPR) prevent the collection and processing of any 
personal information without the consent of the individual, therefore we could only 
obtain general demographic characteristics (age, gender) of nursing home residents. 
Specific demographic characteristics could not be obtained.  Therefore, we cannot 
completely exclude the possibility of an unintentionally biased selection.  
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NH residents decline to participate in studies for different reasons; they might find the 
investigation too burdensome, they might consider themselves too old or they might 
not find a personal benefit in the study (26). In our study two legal representatives 
withdrew the consent for their relatives during the screening phase. Both residents 
were suffering dementia, did not understand the procedure and found the 
echocardiography unpleasant.  
The exclusion criteria were very few: a) life expectancy of less than 6 months for 
reasons other than heart failure, b) residents on short-term stay or on day-care and c) 
residents unable to complete HF diagnostic testing for any reason. Life expectancy of 
less than six months for reasons other than heart failure was included mainly for 
ethical reasons. We did not wish to impose any potential burden on the population in 
the end-of-life period that would not have a direct potential benefit from this study. 
Indeed, NH residents with other life-limiting conditions did not consent to participate 
in the study and we did not exclude anyone based on this exclusion criterion.  
As many as 96% of all NH residents had at least two chronic diseases. Among the 
screened conditions the most common diseases were hypertension (70%), dementia 
(36%), diabetes (27%), atrial fibrillation (26%) heart failure (22% - dignosed prior to 
screening) and stroke (16%). The Charlson multimorbidity index of the studied 
population was 6, which indicates an estimated 10-year survival of 2% (57). NH 
residents had in average 10 regular medications. A high number of regular 
medications reflects multimorbidity but also poses a risk of a negative impact of 
polypharmacy and adds to the complexity of treatment. 
Prevalence of HF  
 
The prevalence of HF in NH is challenging to evaluate, because existing medical 
records of NH residents are often deficient or out-dated (18,26). In this study, HF 
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screening was performed according to 2016 ESC guidelines and found the prevalence 
to be 45,5%.  This prevalence is on the high end of comparable HF prevalence studies 
in NH populations (15,17,25,26) and also in comparable geriatric populations with 
co-morbidities, related to HF (62,63). 
The non-responders could have an impact on the prevalence of HF. If residents with 
severely symptomatic diseases, including HF, did not want to participate in the study, 
the actual prevalence of HF was even higher. If residents with suspected, but 
unconfirmed HF used this opportunity to be screened, the actual prevalence was 
lower. However, the general characteristics of NH residents (age, gender) were 
comparable with the study responders, therefore we can assume that they were a 
representative sample of NH population. Also, the prevalence of HF was within the 
same range in both centres (50% and 41%). Therefore, we believe that the impact of 
this bias on the measured prevalence of HF is relatively small.  
Consistent with other HF prevalence studies in NH population, HF was undiagnosed 
in 63% and misdiagnosed in 33% of NH residents (15,25–27). Both findings are 
clinically relevant, because these residents could have received insufficient or 
inappropriate treatment, possibly leading to clinical deterioration and a lower quality 
of life. There was a statistically significant difference in the proportion of 
undiagnosed residents in one nursing home compared to the other, while there was no 
difference in the proportion of misdiagnosed residents. This is a result of a single time 
point that indicates a lower recognition of HF patients in one nursing home. However, 
this finding should not be extrapolated to any other time point. It could reflect a recent 
admission of new nursing home residents, which have not yet been thoroughly 
examined by the nursing-home physician. On the other hand, it could also indicate a 
 64 
lower sensitivity of the nursing-home physician for HF, but more time points would 
be needed to draw any reliable conclusions.   
There are several reasons for a high rate of inappropriate diagnosis of HF. The most 
common are the accessibility and feasibility of diagnostic procedures (29). To 
overcome this, the whole diagnostic process of HF in this study was performed on-
site in NH. Clinical examinations, ECG and NT-proBNP measurements were 
performed at the bedside. Echocardiography was performed on a standard (not 
POCUS) ultrasonography system either in the office or in the resident’s room if the 
patient was bedridden. These on-site solutions made the HF screening accessible for 
NH residents.  
 
HF-positive residents differed from HF-negative residents with regard to older age, 
co-morbidities (hypertension and atrial fibrillation), the use of diuretics, orthopnoea, 
all observed HF-related signs, more abnormalities in ECG, a higher NT-proBNP and 
a lower LVEF.  
The role of NT-proBNP for HF screening in nursing homes 
 
NT-proBNP is the most common natriuretic peptide used for HF screening, for 
differentiation of HF from other conditions and for the evaluation of the severity of 
HF deterioration. In this study it was used for HF screening according to 2016 ESC 
guidelines (10). The guidelines recommend a universal NT-proBNP cut-off value for 
ruling-out HF at < 125 pg/mL. However, some producers of NT-proBNP assay kits 
and several researchers have suggested age-related cut-off values (64–66). In our 
study, 87% of all NH residents had the NT-proBNP above 125 pg/mL. Although there 
was a statistically significant difference between the NT-proBNP values between HF-
positive and HF-negative residents, the test was not useful for HF screening in NH 
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population. Studies that examined specifically NH population suggested the cut-off 
value to be in the range 230–760 pg/mL (17–21). We conducted a ROC analysis to 
find the intercept between sensitivity and specificity of the test to determine an 
optimal cut-off value for NH population. The optimal cut-off value based on our data 
was found to be 455 pg/mL. The proposed cut-off value would improve the detection 
of HF in NH population from 32% to 81% without any additional assessment. 
However, it would include 32 (30%) HF-negative residents for echocardiography, but 
it is very likely that these patients would need echocardiography for evaluation of 
heart function, even if they do not have HF.  
Prevalence of HFpEF and diastolic HF in nursing-home population 
 
The high prevalence of HF was mainly attributed to HFpEF. This was expected in the 
NH population, as it is more common among elderly and female with co-morbidities, 
namely atrial fibrillation and type 2 diabetes (67–69). Despite a high prevalence of 
HFpEF in the elderly population, we have a very limited knowledge of 
pathophysiology and optimal treatment of this subcategory of HF (67). Unlike the 
management of HFrEF, there is no specific treatment for HFpEF; still, the diagnosis 
of HFpEF is important for symptomatic treatment, in which an appropriate adjustment 
of diuretics plays a central role.      
In our study, the rate of HFpEF was 80%, which was higher than in other 
epidemiologic studies in the elderly (70,71). This is could be attributed to both a 
higher mortality of HFrEF patients compared to HFpEF patients (72) and to a high 
rate of patients with HFpEF-related co-morbidities (e.g. atrial fibrillation and type 2 
diabetes). Another reason might be that severely symptomatic patients with an 
established diagnosis of HFrEF did not wish to participate in the study.  
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Parameters of diastolic dysfunction, either individual or in combination with 
structural changes, were present in 92% of patients with HFmrEF and in 81% of 
patients with HFpEF. The prevalence of diastolic dysfunction in the population is 
increasing and is higher than the prevalence of systolic dysfunction (70). Our finding 
is likely due to a very advanced age of the study population, as diastolic dysfunction 
may develop with aging. There are still controversies about the exact 
echocardiographic parameters required to define diastolic dysfunction. This study 
used the 2016 ESC guidelines to evaluate functional properties that could indicate 
diastolic dysfunction (Web table 4.3 (10)). However, the cardiologists were limited in 
the diagnosis of diastolic HF to the clinical presentation and the transthoracic 
echocardiography. They used the age- and gender specific reference values of 
echocardiographic indices of diastolic function in the 2016 ESC guidelines. However, 
the oldest age group in the guidelines is > 60 years. There might be a significant 
difference in normal values of aged population (60-79 years) and octo- and 
nonagenarians, who represented most of our study population.  
POCUS for nursing-home physicians 
 
POCUS is a rapidly evolving bedside technique that is becoming ever more present in 
primary healthcare (45,46). It is entering in modern medical school curricula and 
physicians will be using it as the stethoscope of future. The challenge for established 
physicians is to learn POCUS while fully engaged in every-day clinical work. An 
additional obstacle for primary care physicians is that they often work alone, in solo 
practices or in nursing homes. After completing a POCUS teaching course, they do 
not have peers to compare their findings or a skilled person for one-on-one tutoring.  
In this study, the POCUS training program for NH physicians was designed as a 
concise and focused teaching course with a reliable assessment (Supplement 2). The 
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aim of the training program was to equip NH physicians with sufficient knowledge 
and skills to preform volume evaluation of nursing home residents with HF. It was 
designed to give sufficient knowledge about the manifestations of volume status in 
HF patients, the skills to operate the POCUS machine, to visualize B-lines and IVC, 
and to interpret the findings. An independent licensed POCUS instructor performed 
the assessment of knowledge three weeks after the training. The knowledge 
assessment consisted of recorded POCUS images and their interpretations for ten 
patients. NH physicians were given the option of one-to-one and remote consultations 
with POCUS experts (45,46). Both options were used on several occasions. The 
training program was found successful with respect to the aims. 
However, NH physicians obtained only POCUS skills that allowed them to perform 
volume assessment. They were not able to evaluate any other aspect of HF 
deterioration or distinguish HF from any other conditions with similar clinical 
presentation. In case of clinically significant deteriorations, the nursing home 
physicians would follow a standard protocol of care.  
Clinical trial outcomes  
 
This study did not find a statistically significant superiority of POCUS-guided 
management of HF in the NH setting. However, it showed that POCUS is feasible to 
perform in NH setting and is not inferior to standard care in any observed aspect. 
With regard to the primary endpoint, the incidence of HF composite events at six 
months was much lower than expected (20% vs. 50%) (51). There was a trend of less 
HF-related events in the POCUS group, mainly attributed to fewer hospitalisations. 
This is more obvious from a Kaplan-Meier curve. This method measures the fraction 
of patients without event over a certain period of time. The method enables the 
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comparison of samples that have few actual events and a majority of non-events, 
which is the case in our study.  
The reason for a low incidence of HF events could also be related to HF treatment 
optimisation before randomization. Previously undiagnosed residents (n=61; 68%) 
started receiving optimal HF treatment and 14 (48%) of previously diagnosed 
residents needed therapy optimisation. From another perspective, NH residents 
benefit greatly from appropriate HF screening and therapy modification compared to 
all patients hospitalised for HF (20% vs. 50% of HF-related events in 6 months).  
Another reason could be that NH residents with HF received superior HF 
management compared to patients hospitalised for HF and then discharged to 
homecare. Indeed, NH care offered the highest standards of HF management that can 
be provided outside hospital: a NH physician who knows the patient, vigilant nursing 
staff, regular volume evaluations and prompt therapy response, if needed.  
Extending the study time for more than 6 months or involving more NH residents in 
the study would probably result in finding statistically significant differences between 
the intervention and control groups. 
With regard to secondary outcomes, there was no statistically significant difference in 
the self-evaluated quality of life, NYHA class or in the outcome measures related to 
hospitalisation. The absolute number of days in hospital was higher in the control 
group, but this could be a biased outcome measure. The number of patients with this 
event was low and one prolonged stay caused a skewed distribution.   
Pehpaps the most important finding of the trial is the trend to fewer diuretic 
modifications in the POCUS group (p=0.062). The reason for more frequent diuretic 
modifications in the control group could be either more HF deteriorations or 
misinterpretation of clinical signs of HF deteriorations. Although clinical signs still 
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play an important role recognising HF deterioration (73), POCUS should provide a 
more sensitive information on sub-clinical pulmonary congestion and volume 
overload (74). This is consistent with other studies that reported superiority of 
POCUS-guided diuretic adjustment compared to clinical decision-making in out-of-
hospital setting (48,50).  
Workload evaluation showed that POCUS caused no additional burden for patients or 
NH physicians. NH physicians quickly adopted required POCUS skills and were able 
to perform POCUS during their regular work with NH residents with comparable 
number of non-administrative contacts. They found it equally time demanding as the 
clinical examination and could perform it either in the nursing-home physician’s 
office or in the resident’s room. As such, POCUS fits well into the existing workload 
of NH physicians and could be included into a regular HF management in NH. 
Limitations  
 
This clinical study has some limitations. Non-responder characteristics could explain 
the HF LVEF phenotype distribution. Since there was a significant proportion of non-
responders, this might influence the study results, especially the prevalence of HF.  
Secondly, the training of POCUS for NH physicians was limited to the recognition of 
just two entities: B-lines and IVC assessment. In a way, this has narrowed the utility 
of POCUS. There are several other parameters in POCUS, which could add 
significantly to physician’s clinical judgement, e.g. pleural effusion, visual estimation 
of heart chamber size and contractility (75). Although these skills are more important 
for acute HF evaluation, a broader knowledge of POCUS would enable NH 
physicians to better evaluate the reasons for HF deterioration and decide if diuretic 
modification would suffice. Of course, the training program was targeted to volume 
 70 
status evaluation for practical reasons. After the study all NH physicians expressed 
the interest in further POCUS training.  
Lastly, the incidence of composite observed events in NH residents with HF was 
lower than expected both in POCUS and the control group. Therefore, the likelihood 
of detecting the difference between the groups was lower. Both the rate of acute 
hospitalisations for any cause in NH population (62% per NH resident per year (6)) 
and hospital readmissions of HF patients with deteriorations (50% in six months 
(37,48)) predicted an incidence of events to be above 50%. In our study only 20% of 
patients had any HF related event, which is indeed low for this aged, high-risk 
population. There is a possibility that the screening procedure was unintentionally an 
intervention. Both the NH physician and the cardiologist examined the residents, HF 
was diagnosed, and therapy was introduced or modified, if needed. The screening 
phase alone could be a significant benefit for this population that experienced fewer 
events and consequently decreased the likelihood of detecting the difference between 
POCUS and the control group. Prolonging the study for more than 6 months or 
enrolling more participants in the study could provide more reliable outcomes on the 





The results of the current work suggest several practical measures for management of 
NH residents with HF. 
1. NH residents should be screened for HF.  
They should be screened regardless of previous diagnoses in the medical record, if 
they present with any HF-related medical history, symptoms, or signs.  
2. Screening can be performed in NH to enhance accessibility.  
Clinical evaluation, ECG and NT-proBNP can and should be performed at the 
bedside. Echocardiography can be performed in nursing homes if there are available 
resources, i.e. a skilled echocardiographist and equipment.  
3. A higher NT-proBNP cut-off value should be used in NH populations.  
This study determined the optimal NT-proBNP cut-off value to be 455 pg/mL for 
80% sensitivity and 70% specificity.  
4. Appropriate HF therapy should be introduced and frequently re-evaluated.  
HF therapy should be introduced and/or adapted considering other medications that 
the person is receiving. The therapy should then be frequently revised and modified, 
when needed.   
5. POCUS can be used for volume status evaluation.  
POCUS can be used to guide diuretic therapy modifications in HF-positive NH 
residents. It fits into the existing work-frame of NH physicians and does not add to 
NH physicians’ workload.  
 
The originality of this study is in performing HF screening in NH setting and 
assessing the applicability of POCUS for a chronic disease follow-up in primary care. 
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POCUS has a great potential to be used at the primary care level, especially in 
populations with decreased accessibility to other diagnostic options. So far, the 
research work was mainly focused in the use of POCUS for recognition and treatment 
of acute conditions. Future work should explore the utility of POCUS in the NH 
population for differentiation and management of different chronic conditions, 
including HF. Also, this study protocol deserves to be repeated in other centers as it 
could make a significant contribution to the care of a fragile population. A higher 
number of enrolled NH residents would provide additional information on the utility 
of POCUS for HF management. A special focus of investigation could be the utility 
of POCUS for diagnosis and treatment guidance in the palliative care of patients with 






This study provides insight into the prevalence of HF in NH and in the use of POCUS 
for HF management in nursing homes. It is the first study to investigate the use of the 
point-of-care approach in the NH setting and for non-acute disease management.  
The prevalence of HF in NH residents was 45,5%. HFpEF was diagnosed in 80% of 
HF-positive residents. The diagnosis of HF was unknown for more than two thirds of 
NH residents. One third of residents with a diagnosis of HF in their medical records 
were found to be misdiagnosed. 
Screening for HF according to 2016 ESC guidelines was performed entirely on-site in 
NH and bedside screening methods enhanced accessibility. NT-proBNP would be a 
valuable screening tool for NH population if the cut-off value for ruling out HF were 
age-adjusted. The optimal cut-off value based on our data was found to be 455 
pg/mL.   
This intervention did not confirm a statistically significant superiority of POCUS-
guided management of HF in the NH setting. However, it proved that POCUS is 
feasible to perform in NH setting and is not inferior to standard care in any observed 
aspect. The findings justify a modified approach to HF diagnostics and management 




SUPPLEMENT 1: INDICATIONS FOR THE USE OF POCUS IN 
FAMILY MEDICINE 
 





Cardiovascular system Heart size and motility 
Evaluation of hydration (vena cava collapsibility) 
Pericardial effusion and heart tamponade  
Abdominal aortic aneurism or dissection 
Abdominal aortic aneurism (screening) 
Deep venous thrombosis 
Abdominal system Intra-abdominal free fluid 
Ileus 
Organomegaly 
Gallbladder disease, gallstones 
Hydronephrosis, renal stones  
Retention of urine 
Cystitis  
Evaluation of prostate 
Evaluation of testicles 
Pregnancy (confirmation, evaluation) 
Extra-uterine pregnancy  
Uterine myoma 
Ovarian cysts 




Unclear subcutaneous tumours 
Soft tissue foreign bodies 
Evaluation of lymph nodes  
Abscess 
Life-threatening situations Causes of cardiac arrest (4H, 4T) 
FAST examination 
Verification of endotracheal tube placement 
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SUPPLEMENT 2: TRAINING PROGRAM FOR NURSING-HOME 
PHYSICIANS 
 
Teaching course for family medicine physicians, involved in HARMONIOUS study  
POINT-OF-CARE ULTRASONOGRAPHY FOR MANAGEMENT OF HEART 
FAILURE IN NURSING HOME RESIDENTS  
 
Authors: Gregor Prosen, Vesna Homar 
Aim 
The aim of this course is to equip family medicine specialists in nursing homes with 
sufficient knowledge and skill to preform volume evaluation of nursing home 
residents with heart failure using point-of-care ultrasonography (POCUS). POCUS 
volume evaluation will consist of determining the presence or absence of B-lines in 
eight standard positions and of determining the inferior vena cava collapsibility index.  
This educational course is strictly algorithmic and it cannot provide a thorough 
knowledge of POCUS use.   
Specific learning objectives 
At the end of this course the nursing home physician will be able to: 
- place the correct ultrasonography probe on the correct position,  
- adjust the quality of the image,  
- interpret the image and  
- record the image.  
Nursing-home physicians will learn to interpret these findings:  
- Visualisation of B-lines in 8 standard positions: the second and fourth 
intercostal space in the mid-clavicular and mid-axillary line, bilaterally. 
- Evaluation of the inferior vena cava diameter and collapsibility in the 
subxyphoid position.  





1. meeting: 3-hour course on POCUS basics and specific instructions with 
regard to the HARMONIOUS study: handling and positioning of the probe, 
image optimisation, interpretation of the image, image recording on the 
ultrasonography apparatus used in the study. Demonstration will be performed 
on at least three patients and the skill will be evaluated on five patients.  
*The first meeting was performed on 9th May 2018 (licenced POCUS instructor: GP). 
 
2. meeting: verification of skill - evaluation of the visualisation and 
interpretation of 10 recordings by an independent POCUS examiner.   
*The second meeting was performed on 30th May 2018 (licenced POCUS instructor: 
AB). 
Materials 
1. POCUS apparatus with cardiology and abdominal probe 
2. Training hand-out for participants 
Standard of verification 
The competency of the skill will be confirmed if at least 90% of all images of both B-





SUPPLEMENT 3: ECHOCARDIOGRAPHY PROTOCOL 
 
 
Aquisition   Measurement Calculation 
PLAX           
2D clip         
2D image LVOTd       
color doppler MV+AV clip         
2D MV leaflet tip image IVSd   LVEDV   
  LVIDd   LVESV   
LVPWd   SV   
LVIDs   EF   
    %FS   
    LV mass   
2D Ao/LA image Ao diameter       
  LAd       
PSAX           
2D aortic valve level clip         
2D image RVOTd       
color doppler AV+PV+TV clip         
CW PV image PV Vmax   PV maxPG   
  PR end   PR end PG   
PW RVOT image RVOT VTI   RV SV   
CW TV image TR Vmax   TR maxPG   
LV mid pappilary level clip         
LV apical level clip         
LV mitral level color doppler clip         
A4C           
2D clip         
2D end systolic/dystolic image     LVEDV   
        LVESV   
        SV   
        EF   
        LA vol   
        RA area   
    RVd basal       
color doppler MV+AV+TV clip         
PW MV image E       
    A       
    DT       
PW LVOT image VTI   LVSV   
    Vmax       
CW AV image VTI   AVA   
    Vmax       
    AR PHT       
CW TV image TR Vmax   TR maxPG   
PW P vein image S       
    D       
    A       
    adur   A-adur   
PW at level of  MV Image Adur       
M-mode RV free wall image TAPSE       
PW TDI sept. image S’sep   E/E’ave   
    E’sep       
    A’sep       
PW TDI lat. image E’lat       
PW TDI DV image Sto       
Four chambers TDI full screen clip         
A2C           




2D end diastolic/systolic image     LVEDV   
        LVESV   
        SV   
        EF   
        LA vol   
color doppler MV clip         
APLAX           
2D clip         
Color Doppler MV+AV clip         
Apical – A4C+A2C+APLAX 
Width, depth, focus on LV clip       strain 
VCI           
  image VCIdexp   CVPest   
    VCIdins       
B lines           
  clip 2 and 4 ICP left     
 clip 2 and 4 ICP right   
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DIAGNOZA Multimorbidnost  (vsaj 2 kronični bolezni) Da  Ne 
 Znano srčno popuščanje Da Ne 
  
ZGODOVINA Koronarna bolezen (miokardni infarkt, širjenje srčnih žil) Da  Ne  
 Arterijska hipertenzija Da Ne 
 Izpostavljenost kardiotoksičnim zdravilom/obsevanjem Da Ne 
 Jemlje diuretike Da Ne 
 Ortopneja/nočna dispneja Da Ne 
 
ZNAKI Poki  Da Ne 
 Obojestranskih edemi okoli gležnjev Da Ne 
 Šum na srcu Da Ne 
 Razširjene vratne vene Da Ne 






EKG Kakršnakoli sprememba Poz Neg 
Datum  
 
NT- proBNP  Poz Neg 
 
EHOKARDIOGRAFIJA 
Datum LVEF (%) < 40%   40 – 49% ≥ 50% Poz  Neg 
HFrEF HFmrEF HFpEF   
  
Žig zdravnika kardiologa 
 Strukt. bolezen srca  
hipertrofija LV/razširjen LA 
Diast. disfunkcija 
hipertrofija LV/razširjen LA 
Strukt. bolezen srca  
hipertrofija LV/razširjen LA 
Diast. disfunkcija 







Število zdravil v stalni terapiji Vpiši število Opombe 
Terapija v skladu s smernicami Da Ne 
Potrebna modifikacija terapije Da Ne 
 
IZIDI 
  Datum  
Čas do poslabšanja 
 
Ob vključitvi Ob zaključku 
Barometer zdravja    Dnevi izven bolnišnice  
NYHA lestvica    Čas do smrti  
 
  Žig zdravnika 
 
DSO 
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